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IDFWRUVWUDIILFTXDQWLW\DQGW\SHVRISROOXWLRQDQGZHDWKHUFRQGLWLRQV7RGD\WUDIILFPRGHOVFDQSUHGLFW
WKHSRVLWLRQDQGNLQHPDWLFSDUDPHWHUVRI WKHYHKLFOHVDQGHPLVVLRQPRGHOVFDQHVWLPDWH WKHDPRXQWRI
GLIIHUHQW W\SHV RI SROOXWLRQ HPLWWHG E\ YHKLFOHV DOEHLW ZLWK VRPH XQFHUWDLQW\ 7KHQ WKH GLVSHUVLRQ RI
SROOXWDQWVLQWKHDWPRVSKHUHFDQEHHYDOXDWHGXVLQJDWPRVSKHULFGLVSHUVLRQPRGHOV$IUDFWLRQRIWKHDLU
SROOXWDQWV GHSRVLWV WR WKH JURXQG E\ GU\ DQGZHW SURFHVVHV 7KHVH SROOXWDQWVPD\ EH HQWUDLQHG E\ WKH
ZDWHUUXQRIIGXULQJUDLQIDOOHYHQWVZKLFKPD\EHVLPXODWHGE\K\GURORJLFPRGHOV7KH\PD\DOVREHUH
VXVSHQGHG LQ WKH DWPRVSKHUH GXH WRPHFKDQLFDO GLVWXUEDQFH HJ WUDIILF ZLQG9DULRXVPRGHOV KDYH
EHHQ GHVLJQHG WR VLPXODWH HDFK RI WKHVH SKHQRPHQD KRZHYHU OLWWOH ZRUN KDV EHHQ GRQH WR GHYHORS
LQWHJUDWHG PRGHOOLQJ V\VWHPV WKDW FDQ VLPXODWH WKH LPSDFW RI WUDIILF RQ ERWK WKH DLU DQG ZDWHU
HQYLURQPHQWV LQ XUEDQ DUHDV ,W LV HVVHQWLDO WKDW VXFK FDSDELOLWLHV EH GHYHORSHG DQG HYDOXDWHG DV WKHLU
QHHGVDUHSULPRUGLDOIRUWKHSODQQLQJRIVXVWDLQDEOHFLWLHVRIWKHIXWXUH
,Q WKLV SDSHU ILUVWZHSUHVHQW DQG FODVVLI\ WKHPRGHOV IRU HDFKSKHQRPHQRQ WUDIILF HPLVVLRQV DLU
TXDOLW\ ZDWHU TXDOLW\ DFFRUGLQJ WR WKHLU LQSXW GDWD DQG VFDOHV RI DSSOLFDWLRQV 1H[W ZH DQDO\]H WKH
VWUHQJWKVDQGZHDNQHVVHVRIWKHVHPRGHOV7KHQZHGLVFXVVWKHSRVVLELOLW\WRFRXSOHWKHVHPRGHOV:H
DOVRH[DPLQH WKH OLQNVEHWZHHQHPLVVLRQPRGHOVDQG WUDIILFPRGHOV LQGHWDLO)LQDOO\ZHSUHVHQW VRPH
UHFRPPHQGDWLRQV IRU IXUWKHU PRGHO GHYHORSPHQW 7KLV ZRUN ZLOO DOORZ XV WR LPSURYH WKH LQWHJUDWHG
PRGHOOLQJ DSSURDFK WR UHODWH WUDIILF WR DLU DQG ZDWHU SROOXWLRQ ZKLFK WRGD\ LV OLPLWHG WR VSDWLDO RU









L 6WDWLFPRGHOV UHO\ RQ ORFDOL]DWLRQ RI SRSXODWLRQ DQG DYHUDJH WUDIILF YROXPHV LQ GLIIHUHQW DUHDV RI D
QHWZRUN7KHYHKLFOHPRYHPHQWVDUHGHWHUPLQHGEDVHGRQFULWHULDRIKRXVLQJDQGRIILFHGHQVLW\7KHVH
PRGHOVDUHKLJKO\VLPSOLILHGEXWXVHIXOWRVWXG\YHKLFOHVIOX[HVRYHUODUJHVSDWLDODQGWHPSRUDOVFDOHV




LLL$JJUHJDWHG G\QDPLF PRGHOV 'DJDQ]R  FDQ NHHS DQ H[SOLFLW UHSUHVHQWDWLRQ RI FRQJHVWLRQ E\





DQGFRQWLQXRXV WUDIILF IORZZKLFKDUHFKDUDFWHUL]HGE\YDULDEOHV VXFKDV WUDIILF IORZRUFRQFHQWUDWLRQ
7KHPLFURVFRSLFPRGHOV FRQVLGHU WKH WLPHVSDFH EHKDYLRU RI LQGLYLGXDO GULYHUV XQGHU WKH LQIOXHQFH RI
YHKLFOHVLQWKHLUSUR[LPLW\7KHVHPRGHOVDUHFKDUDFWHUL]HGE\SRVLWLRQVSHHGDQGDFFHOHUDWLRQ7KHILQDO
FODVV LVPHVRVFRSLFPRGHOV WKDW UHSUHVHQW WKHEHKDYLRURIGULYHUVZLWKRXWH[SOLFLWO\GLVWLQJXLVKLQJ WKHLU
WLPHVSDFHEHKDYLRUVXFKDVWKHDQDO\VLVRIVHYHUDOYHKLFOHVWRJHWKHU0DFURVFRSLFG\QDPLFPRGHOLQJLV
EDVHGRQWKHFROOHFWLYHEHKDYLRURIYHKLFOHVWKHUHIRUHYHKLFOHVDUHQRWIROORZHGLQGLYLGXDOO\7KHSRLQW
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RIYLHZLVUDWKHUWKDWRIDFRQWLQXXP7KH(XOHUDQG1DYLHU6WRNHVHTXDWLRQRIIOXLGG\QDPLFVGHVFULELQJ
WKHIORZRIIOXLGVFRXOGDOVRGHVFULEHWKHPRWLRQRIFDUVDORQJDURDG7KHWKUHHPDLQYDULDEOHVRIWUDIILF
IORZ YHKLFOH GHQVLW\ DQG DYHUDJH VSHHG DUH FRQQHFWHG E\ WZR IOXLG ODZV SURSRVHG E\ /LJKWKLOO
:KLWKDP DQG 5LFKDUGV /:5 7KLV V\VWHPPXVW EH VXSSOHPHQWHG E\ DQ LQGHSHQGHQW WKLUG HTXDWLRQ
IXQGDPHQWDO GLDJUDP RI WUDIILF IORZ ZKLFK GHVFULEHV D UHODWLRQVKLS EHWZHHQ WUDIILF IORZ DQG WUDIILF
GHQVLW\ 7ZR FODVVHV RI PDFURVFRSLF PRGHOV FDQ EH LGHQWLILHG 7KH ILUVW FODVV XVHV WKH VROH PDVV
FRQVHUYDWLRQHTXDWLRQVXSSOHPHQWHGE\VXLWDEOHFORVXUHUHODWLRQVZKLFKUHSUHVHQWHTXLOLEULXPVWDWHVILUVW
RUGHU 7KH VHFRQG FODVV $=5 XVHV D FRXSOHG V\VWHP RI PDVV FRQVHUYDWLRQ DQG PRPHQWXP EDODQFH
HTXDWLRQVWKDWSUHVHQWHTXLOLEULXPVWDWHVUHOD[DWLRQIORZYHORFLW\QGRUGHU




7UDIILFPLFURVFRSLFPRGHOVFRQVLGHU LQGLYLGXDOYHKLFOH LQWHUDFWLRQVZLWKRWKHUYHKLFOHV DQG WKH URDG
QHWZRUN7KHUHDUHWZRPDLQFODVVHVRIPLFURVFRSLFPRGHOVWKHPLFURVFRSLFPRGHOZLWKPDFURVFRSLF
ODZ ZKLFK LQ IDFW FRUUHVSRQGV WR D /DJUDQJLDQ UHSUHVHQWDWLRQ RI PDFURVFRSLF PRGHOV DQG  WKH
PLFURVFRSLFPRGHOVWKDWDUHEXLOWXSXVLQJVXEPRGHOVFRQWUROOLQJVSHFLILFWDVNVLQWKHVLPXODWLRQSURFHVV
7KHFDUIROORZLQJPRGHOLVRQHRIWKHPRVWLPSRUWDQWVXEPRGHOVXVHGLQDOOSURJUDPV$FDUIROORZLQJ
PRGHO FRQWUROV WKH GULYHU¶V EHKDYLRU ZLWK
UHVSHFW WR WKH LQWHUDFWLRQV EHWZHHQ WZR
VXFFHVVLYH YHKLFOHV  7KHVH PLFURVFRSLF
PRGHOV FDOFXODWH LQVWDQWDQHRXVO\ WKH
SRVLWLRQ WKH VSHHG DQG WKH DFFHOHUDWLRQ RI
WKH YHKLFOHV7KH PHVRVFRSLF PRGHOV DUH
LQWHUPHGLDWH EHWZHHQ WKH PDFURVFRSLF
DSSURDFK DQG WKH PLFURVFRSLF DSSURDFK
7KHREMHFWLYHLVWRGHVFULEHWKHWUDIILFJLYHQ
E\ DJJUHJDWH ODZV )RU H[DPSOH WDNH
JURXSLQJ YHKLFOHV LQ SDFNDJH ZKLFK PRYH
LQ FRPPRQ LQVLGH WKH QHWZRUN
&2175$0/HRQDUGHWDO
(PLVVLRQPRGHOV   
7KHUHYLHZRIH[LVWLQJPRGHOVDQGPHWKRGVSURYLGHVHYLGHQFHWKDWWKHUHLVDODUJHYDULHW\RIDYDLODEOH
WRROV WR FDOFXODWH HPLVVLRQ IDFWRUV DQG WR GHYHORS URDG WUDQVSRUW HPLVVLRQ LQYHQWRULHV (PLVVLRQV IURP
WUDIILF DUH HVWLPDWHG E\ PXOWLSOLFDWLRQ RI HPLVVLRQ IDFWRUV ZLWK DSSURSULDWH DFWLYLW\ GDWD IRU GLIIHUHQW
YHKLFOH FODVVHV ,Q WKLV SDUW HPLVVLRQPRGHOV DUH SUHVHQWHG WRSURYLGH LQIRUPDWLRQ IRU WKH VHOHFWLRQ RI
PRGHO IRU RXU REMHFWLYH 7KH XVXDO DSSURDFKHV WR HVWLPDWLQJ WKH YHKLFOH SROOXWDQWV HPLVVLRQV FDQ EH
FODVVLILHGDFFRUGLQJWRWKHLQSXWGDWDWKHVFDOHRIWKHVWXG\DQGWKHW\SHRISROOXWDQWVEHLQJFRQVLGHUHG
x 0RGHOVUHO\LQJRQIXHOTXDQWLWLHV
0RGHOV VXFK DV $*2  DQG ,3&&  XVH IXHO FRQVXPSWLRQ GDWD LH IXHO VDOH GDWD DQG
FDWHJRULHVRIYHKLFOHV6XFKPRGHOVFDQRQO\EHXVHGIRUODUJHVFDOHHJQDWLRQDOLQYHQWRULHV
x 0RGHOVUHO\LQJRQDYHUDJHWUDIILFYROXPHVSHUGHWDLOHGFDWHJRULHVRIYHKLFOHV
7KHVHPRGHOV VXFKDV1$(,XVHD VLQJOHHPLVVLRQ IDFWRU WR UHSUHVHQWDSDUWLFXODU W\SHRIYHKLFOHDQG
GULYLQJ F\FOH 7KH HPLVVLRQ IDFWRUV DUH FDOFXODWHG DV PHDQ YDOXHV RI PHDVXUHPHQWV RQ D QXPEHU RI
YHKLFOHVRYHUJLYHQGULYLQJF\FOHV DQGDUHXVXDOO\ VWDWHG LQ WHUPVRI WKHPDVVRISROOXWDQWHPLWWHGSHU
YHKLFOHGLVWDQFHRUIXHO7KHVHIDFWRUVDUHRIPRVWXVHLQQDWLRQDODQGUHJLRQDOHPLVVLRQLQYHQWRULHV
7DEOH7UDIILFPRGHOV




VSHHG 7KH WRWDO HPLVVLRQV FDQ EH FDOFXODWHG E\ WKH VXP RI WKH H[KDXVW HPLVVLRQV KRW DQG FROG












YDULDEOHV VXFK DV DYHUDJH VSHHG WUDIILF GHQVLW\ TXHXH OHQJWK DQG VLJQDO VHWWLQJV ,Q IDFW WKH\ XVH D
FRUUHFWLRQRIWKHDYHUDJHVSHHGWRDVVXPHWKHHIIHFWVRIWKHWUDIILFRQWRSROOXWDQWHPLVVLRQV6PLW
x 0RGHOVUHSUHVHQWLQJDGHWDLOHGGHVFULSWLRQRIWKHVSHHGVH[SHULHQFHG







7KHVH PRGHOV HJ 3+(0 02'(0 &0(0 9(7(66 UHSUHVHQW H[SOLFLWO\ WKH YHKLFOH HPLVVLRQ
EHKDYLRU E\ UHODWLQJ HPLVVLRQ UDWHV WR YHKLFOH RSHUDWLRQ GXULQJ D VHULHV RI VKRUW WLPH VWHSV ,Q VRPH
PRGHOVYHKLFOHRSHUDWLRQ LVGHILQHG LQ WHUPVRIDUHODWLYHO\ VPDOOQXPEHURIPRGHVLGOHDFFHOHUDWLRQ







HTXDWLRQV GHVFULELQJ WKH DWPRVSKHULF WUDQVSRUW FKHPLFDO DQG SK\VLFDO WUDQVIRUPDWLRQ SURFHVVHV 7KH
GLIIHUHQWDSSURDFKHVDYDLODEOHGLIIHULQWHUPVRILQSXWVDQGOHYHOVRIUHVROXWLRQRIWKHUHVXOWV
x %R[PRGHOV
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FDVHRIVWHDG\VWDWHDWPRVSKHULFFRQGLWLRQV WKH LPSDFWRIDVRXUFH LV UHSUHVHQWHGE\D*DXVVLDQSOXPH
PRGHO ,Q WKH FDVH ZKHUH DWPRVSKHULF FRQGLWLRQV DUH YDULDEOH RQH PD\ UHSUHVHQW WKH DWPRVSKHULF
GLVSHUVLRQSURFHVVE\ UHOHDVLQJGLVWLQFWSXIIV IURP WKH VRXUFHDW VXFFHVVLYH LQWHUYDOVRI WLPH*DXVVLDQ
SXIIPRGHOVSUHVHQWWKHDGYDQWDJHRYHU*DXVVLDQSOXPHPRGHOVWKDW WKH\DUHQRWOLPLWHGWRVWHDG\VWDWH







/DJUDQJLDQ WUDMHFWRU\ PRGHOV ZKLFK LQFOXGH *DXVVLDQ GLVSHUVLRQ PRGHOV FRQVLVWV LQ IROORZLQJ WKH
WUDMHFWRU\ RI DQ DLU PDVV DORQJ WKH PHDQ ZLQG IORZ ,Q D SDUWLFOHWUUDMHFWRU\ PRGHO WKH SDUWLFOHV DUH
DGYHFWHG DQG GLVSHUVHG DV WKH DLU PDVV PRYHV DORQJ WKH WUDMHFWRU\ E\ DGYHFWLRQ DQG SROOXWDQWV DUH





$Q (XOHULDQ PRGHO FRQVLGHUV DQ HOHPHQW RI YROXPH RI KRPRJHQHRXV SURSHUWLHV DLU SROOXWDQW
FRQFHQWUDWLRQPHWHRURORJLFDO YDULDEOHV DQG VWXGLHV WKH IORZRI WKRVH YDULDEOHV WKURXJK D ' JULGGHG
PHVKRIVXFKYROXPHVLHJULGFHOOV7KHDWPRVSKHUHLVGLVFUHWL]HGLQWRFHOOVDQGWKHHTXDWLRQVRIPDVV
FRQVHUYDWLRQ DUH VROYHG LWHUDWLYHO\ IRU HDFK JULG FHOO 6XFK PRGHOV WDNH DV LQSXW WKH PHWHRURORJLFDO
YDULDEOHVWKDWKDYHEHHQFDOFXODWHGSUHYLRXVO\XVLQJDPHWHRURORJLFDOPRGHOWKH\DUHW\SLFDOO\UHIHUUHGWR
DV FKHPLFDOWUDQVSRUW PRGHOV &70 $OWHUQDWLYHO\ WKH 5H\QROGVDYHUDJHG 1DYLHU6WRNHV 5$16




FRQWLQHQWDO KHPLVSKHULF DQG JOREDO VFDOHV 2QH FODVV RI (XOHULDQ PRGHOV FRPELQHV WKH DGYDQWDJHV RI





DQG5$16HTXDWLRQVZLWK WXUEXOHQFHFORVXUHPRGHOV(DFK WHFKQLTXHKDQGOHV WXUEXOHQFH LQDGLIIHUHQW
PDQQHU  '16 VROYHV WKH 1DYLHU6WRNHV HTXDWLRQ ZLWKRXW DSSUR[LPDWLRQV ,W UHTXLUHV D YHU\ ILQH JULG








WKH HIIHFW RI JUDYLW\ ZLQG DQG WXUEXOHQFH LQ DEVHQFH RI UDLQIDOO DQG WKH GLVVROXWLRQ RI JDVHV DQG WKH
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VFDYHQJLQJRISDUWLFOHVE\ZDWHUGURSOHWV ZHWGHSRVLWLRQ7KHVHSURFHVVHVFDQEHPRGHOHGE\VHYHUDO
DOJRULWKPV LQ DLU TXDOLW\ PRGHOV 6SRUWLVVH  'XKDQLDQ DQG 5RXVWDQ  7KHPDLQ SROOXWDQWV
WUDQVSRUWHGE\VWUHHWDQGKLJKZD\UXQRIIDUHVXVSHQGHGVROLGV663$+VDQGKHDY\PHWDOVVXFKDV3E
=Q&GDQG&X6HYHUDOK\GURORJLFDOPRGHOVDUHFRPPRQO\XVHGWRPRGHOSROOXWDQWWUDQVSRUWLQZDWHUV
7KHVHPRGHOVPD\EHFODVVLILHG LQ WHUPVRI WKHLU IXQFWLRQDOLW\DFFHVVLELOLW\ZDWHUTXDQWLW\DQGTXDOLW\
FRPSRQHQWV LQFOXGHG LQ WKHPRGHO DQG WKHLU WHPSRUDO DQG VSDWLDO VFDOHV =RSSRX  (OOLRW HW DO
'DQLHOHWDO)LUVWK\GURORJLFDOSURFHVVHVFDQEHGHVFULEHGE\GHWHUPLQLVWLFRUVWRFKDVWLF
ODZV ,Q WHUPV RI VSDWLDO GLVWULEXWLRQ K\GURORJLFDO PRGHOV DUH OXPSHG VHPLGLVWULEXWHG RU GLVWULEXWHG
PRGHO $ OXPSHG PRGHO LV EDVHG RQ VSDWLDO DYHUDJLQJ RI WKH LQSXW SDUDPHWHUV RYHU WKH FDWFKPHQW
7KHUHIRUHWKHVHPRGHOVDUHIXQFWLRQRQO\RIWLPHZLWKRXWFRQVLGHUDWLRQRIYDULDWLRQWKHFDWFKPHQW6HPL
GLVWULEXWHGPRGHOV WDNH LQWR DFFRXQW RI WKH VSDWLDO DYHUDJH IRU HDFK VXEFDWFKPHQWZKHUHDV GLVWULEXWHG
PRGHOVLQFOXGHIXOOVSDWLDODQGWHPSRUDOYDULDELOLW\7KHVHGLIIHUHQWPRGHOVKDYHGLIIHUHQWDLPVLQWHUPRI
WHPSRUDOVFDOHVDQGGHWDLORIPRGHORXWSXWVGLVWULEXWHGPRGHOVDUHPRVWO\XVHGWRPRGHOLQGLYLGXDOVWRUP
HYHQWV DW WKH LQWUDHYHQW VFDOH DQG OXPSHG PRGHOV WR VLPXODWH RYHU ORQJ SHULRGV DQQXDO VFDOH 7KH
GHWHUPLQLVW PRGHOV RI VWRUPZDWHU TXDQWLW\ FDQ EH FODVVLILHG DV HLWKHU K\GURORJLF VXUIDFH ZDWHU RU
K\GUDXOLFIORZVWKURXJKFKDQQHOVPRGHOVZKLFKFDQEHPRGHOHGZLWKVKDOORZZDWHUZDYHHTXDWLRQRU
VLPSOLILHG YHUVLRQ NLQHPDWLF GLIIXVLRQ ZDYH HTXDWLRQ ,Q GHWHUPLQLVW PRGHOV WKH WUDQVSRUW DQG
WUDQVIRUPDWLRQRISROOXWDQWVDUHPRGHOHGE\XVLQJDQDGYHFWLRQGLIIXVLRQHTXDWLRQDQGWKHFRQVHUYDWLRQ
RIPDVVFRXSOHGWRGLIIHUHQWUHDFWLRQUDWHVLQYROYLQJWKHSROOXWDQWVLQGLIIHUHQWIRUPVSDUWLFOHVFROORLGV
GLVVROYHG PDWWHU 'XH WR WKH UDSLG UHVSRQVH RI DQ XUEDQ FDWFKPHQW WKH WUDQVSRUW RI FRQWDPLQDQWV E\




$ UHDOLVWLF PRGHOLQJ RI WKH EHKDYLRU RI DWPRVSKHULF
SROOXWDQWV UHTXLUHV WUDIILF HPLVVLRQDLUTXDOLW\DQGZDWHU
TXDOLW\ PRGHOV 7KH PDLQ EXLOGLQJ EORFNV RI VXFK D
VLPXODWLRQ IUDPHZRUN DUH  WKH PRGHOV DQG  WKH
LQWHUIDFHVIURPWKHRXWSXWIURPDPRGHOWRWKHLQSXWWRWKH
QH[W PRGHO )LJ ([DPSOHV RI IUDPHZRUNV WR OLQN
H[LVWLQJ WUDIILF IORZ HPLVVLRQ DQG DLU TXDOLW\ WRROV DUH
GHVFULEHG E\ /LP  6FKPLGW  :H IRFXV
EHORZRQWKHLQWHUIDFHVEHWZHHQWKHYDULRXVPRGHOV
0RGHOVLQWHJUDWLQJWUDIILFDQGHPLVVLRQ
7KH IDFWRUV UHOHYDQW WR WKH HVWLPDWLRQ RI YHKLFOH HPLVVLRQV DUH WKH YHKLFOH RSHUDWLRQ HJ VSHHG
DFFHOHUDWLRQHQJLQHORDGWKHWUDIILFIORZDQGWKHURDGDQGYHKLFOHFKDUDFWHULVWLFV7KHVHSDUDPHWHUVFDQ
EHGHILQHGE\WUDIILFPRGHOVVRDQDSSURSULDWHFRXSOLQJLVH[DPLQHGKHUHWROLQNWKHLQSXWUHTXLUHPHQWV





DYHUDJH VSHHG DUH VXSSOLHG E\ D VWDWLF WUDIILF PRGHO RU DQ DJJUHJDWHG G\QDPLF PRGHO 6WDWLF PRGHOV









QRW SURYLGH D JRRG GLVWLQFWLRQ IRU WKH HVWLPDWLRQ RI GLIIHUHQW YHKLFOH W\SHV EXW LW SURYLGHV ORQJUXQ
HVWLPDWHVRIYHKLFOHHPLVVLRQVIRUODUJHVFDOHWKDWLVQRWHDV\WRFDOFXODWHZLWKPRUHGHWDLOHGPRGHOV
x 0DFURVFRSLFWUDIILFPRGHOVDQGPLFURVFRSLFHPLVVLRQPRGHOVPHVRVFRSLF
(PLVVLRQV FDQ EH PRGHOHG PRUH DFFXUDWHO\ ZLWK ERWK YHKLFOH VSHHG DQG DFFHOHUDWLRQ DV LQSXWV
0DFURVFRSLF WUDIILF PRGHOV GR QRW SURYLGH WKH DFFHOHUDWLRQ DV PLFURVFRSLF PRGHOV GR +RZHYHU
PLFURVFRSLF WUDIILF PRGHOV QHHG ODUJH LQSXWV DQG FRPSXWDWLRQ WLPHV IRU D ODUJH QHWZRUN :H DUH
LQWHUHVWHGLQILQGLQJDZD\WRLQWHJUDWHPDFURVFRSLFWUDIILFPRGHOVZLWKLQVWDQWDQHRXVHPLVVLRQPRGHOVVR
WKDW WKHPDFURVFRSLFYDULDEOHVFDQEHXVHG WRSURGXFHHVWLPDWHVRI WKH LQVWDQWDQHRXVHPLVVLRQRQ ODUJH
VFDOHV&DSSLHOORSURSRVHVDFRPELQDWLRQRIDSUREDELOLVWLFDFFHOHUDWLRQDSSURDFKDQGDG\QDPLF
HPLVVLRQ PRGHO (0,7 7KH SURSRVHG PRGHO XVHV UDQGRP YDULDEOHV GLVWULEXWHG DFFRUGLQJ WR VRPH
NQRZQGLVWULEXWLRQIRUDJLYHQVSHHGUDQJHDQGRWKHUSDUDPHWHUV
$QRWKHU VWXG\ RI =HJH\H  SURSRVHV LQWHJUDWLQJ WKHPDFURVFRSLF WUDIILF IORZPRGHO0(7$1(7




DQG WHPSRUDO VSHHGDFFHOHUDWLRQSDLUVGHWHUPLQH WKH VSDWLDO DQG WHPSRUDOHPLVVLRQXVLQJ WKH97PLFUR
PRGHO 7KH FRPELQDWLRQ RI HPLVVLRQV DQG QXPEHU RI YHKLFOHV JLYHV WKH WRWDO HPLVVLRQV 7KH PRUH
LPSRUWDQW IDFWRUV OLNH YHKLFOH FDWHJRU\ QHHGHG LQ HPLVVLRQ PRGHOV DUH QRW DYDLODEOH LQ PDFURVFRSLF






WUDIILF PRGHOV ZLWK PDFURVFRSLF HPLVVLRQ PRGHOV 2WKHUZLVH LQ WKH PDMRULW\ RI VWXGLHV WKH UDQJH RI
SROOXWDQWVLVOLPLWHGEXWWKHLQWHUHVWRIWKLVFRXSOLQJLVWKHDELOLW\WRVLPXODWHDODUJHQXPEHURISROOXWDQWV
EHFDXVHPDFURVFRSLFHPLVVLRQPRGHOVKDYHDPRUHFRPSOHWHGDWDEDVHFRPSDUHGWRLQVWDQWDQHRXVPRGHOV
$ VWXG\ &KDQXW HW DO KDYHEHHQ FRQGXFWHG WR FRPSDUHGLIIHUHQWPDFURVFRSLF DQGPLFURVFRSLF
HPLVVLRQPRGHOV,03$&7$57(0,6(0,7FRXSOHGZLWKDPLFURVFRSLFWUDIILFPRGHO$,0681
x 0LFURVFRSLFWUDIILFIORZVLPXODWLRQDQGLQVWDQWDQHRXVHPLVVLRQPRGHOV0LFURVFRSLF




PRGHOV LV QRW XVXDOO\ SURYLGHG E\ PLFURVFRSLF WUDIILF PRGHOV YHKLFOH RSHUDWLRQ :H SUHVHQW EHORZ
VHYHUDOVWXGLHVLQZKLFKDPLFURVFRSLFWUDIILFPRGHOKDVEHHQFRPELQHGZLWKDQLQVWDQWDQHRXVPRGHO




RI HYHU\ VLQJOH YHKLFOHZLWK RWKHU LQIRUPDWLRQGHILQLQJ YHKLFOH ORFDWLRQE\9,66,0DQG FDOFXODWHV WKH
HPLVVLRQRIHDFKYHKLFOH7KHLQWHJUDWHG9,66,0&0(0ZDVGHYHORSHGE\1DPHWDO&KHYDOOLHU
1RODQGDQG4XGGXV&KHQDQG<X6WHYDQRYLFZKLFKFRQYHUW WKHRXWSXW
9,66,0 ILOH LQWR WKH UHTXLUHG LQSXW ILOH IRU WKH&0(0DQG 86YHKLFOHV HPLVVLRQ VWDQGDUGV LQWR(8
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9,66,0 LV FXUUHQWO\ WKH PRVW ZLGHO\ XVHG SDFNDJH %HVLGH WKLV PRGHO 3$5$0,&6 $,0681
'5$&8/$ KDYH EHHQ XVHG 5HFHQWO\ QHZ PLFURVFRSLF PRGHOV 6\PXYLD GHYHORSHG WR SURYLGH
SRVLWLRQYHORFLW\DQGDFFHOHUDWLRQRIHDFKYHKLFOHRQWKHQHWZRUNDWDQ\VLPXODWLRQWLPH:LWKUHVSHFWWR
VWDUW DFFHOHUDWLRQ OLQH FKDQJLQJ YHKLFOHV LQWHUDFWLRQ FRQVLGHUDWLRQ RI FKDQJHV LQSXWV RYHU WLPH WKDW





DQG VSDWLDO YDULDWLRQRI XUEDQ DLU TXDOLW\7KHPDMRU LQSXW GDWDQHFHVVDU\ IRU WKH DLU TXDOLW\PRGHO DUH
VSDWLDOO\GLVWULEXWHG DQG WHPSRUDOO\UHVROYHG HPLVVLRQV SURYLGHG E\ WKH HPLVVLRQ PRGHO DQG















+RZHYHU WKLVPHWKRG LVQRWDEOH WRHYDOXDWH WKH LPSDFWRIDQ LQKRPRJHQHRXVGLVSHUVLRQRISROOXWDQWV
0RGHOOHG RXWSXWV IURP DLU TXDOLW\ PRGHOV PD\ EH XVHG DV GDWD LQSXWV WR VWRUPZDWHU PRGHOV 6HYHUDO
VWXGLHV FRXSOLQJ DLU DQGZDWHUVKHGPRGHOV DW WKH UHJLRQDO VFDOH DOUHDG\ H[LVW 9LMD\DUDJKDYDQ 
6FKZHGH  7KHVH PRGHOV UHDG D SURFHVVHG JULGGHG RXWSXW RI DWPRVSKHULF GHSRVLWLRQ IURP DLU
TXDOLW\PRGHOVDQGFDOFXODWHDYHUDJHSHUXQLWDUHD0RVWRIWKHZRUNFRQGXFWHGVRIDURQWKHFRXSOLQJRI
DWPRVSKHULFPRGHOV DQG VXUIDFHZDWHUPRGHOVZDVGRQH DW UHJLRQDO VFDOHV IRU ORQJ WLPHSHULRG6RPH
ZRUN KDV EHHQ SHUIRUPHG DW WKH XUEDQ VFDOH EXW VXFK ZRUN KDV W\SLFDOO\ LQYROYHG PRGHOV VHSDUDWHO\
WUDQVIHUULQJ WKHRXWSXW IURPRQHPRGHO WR WKHQH[W LQDQ DGKRF IDVKLRQ+RZHYHUSUHYLRXVZRUN)RU
H[DPSOH %XULDQ HW DO  DGGUHVVHG DQQXDO RU VHDVRQDO EXGJHWV RI DWPRVSKHULF SROOXWDQW ORDGLQJV






$PDMRU DLPRI RXU IXWXUHZRUN LV WR VLPXODWH WKH HQYLURQPHQWDO LPSDFWV RI WUDIILF DW WKH ORFDO XUEDQ
VFDOH7KHILUVWVWHSLVWRGHWHUPLQHWKHPRVWDSSURSULDWHWRROVZKLFKDUHDVIROORZV
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GHPDQGLQJ8QOLNH WKHVHPRGHOV WKHPLFURVFRSLFPRGHOV ZLWKPDFURVFRSLF ODZPRGHOV DUHZHOO
VXLWHG IRU D G\QDPLF UHSUHVHQWDWLRQRI XUEDQ WUDIILFZLWKPDQDJHDEOHGDWDQHHGV:HZLOO XVH WKH
6\PXYLDPRGHOZKLFKLVSDUWRIWKLVODWWHUFDWHJRU\x (PLVVLRQPRGHO7KHH[KDXVWHPLVVLRQVFDQEHHVWLPDWHGPRUHDFFXUDWHO\E\LQVWDQWDQHRXVPRGHOV














RQ VWHDG\VWDWH HPLVVLRQV DQG LJQRUH WUDQVLHQW YHKLFOH RSHUDWLRQ  GLVSHUVLRQ LQ XUEDQ DUHDV LV
FRPSOLFDWHGE\WKHDHURG\QDPLFHIIHFWRIVWUHHWJHRPHWU\DQGWUDIILFWXUEXOHQFHDLUTXDOLW\LPSDFWVRI
WUDIILF LQFOXGHD ORFDOFRPSRQHQWDVZHOO DVDQXUEDQEDFNJURXQGFRPSRQHQWZKLFKGLIIHU LQ WHUPVRI
SROOXWDQWVWHPSRUDODQGVSDWLDOVFDOHVZDWHUTXDOLW\LPSDFWVRIWUDIILFLQFOXGHDORFDOFRPSRQHQWIURP
UXQRIIRYHUWKHVWUHHWRUURDGZD\DQGDEDFNJURXQGFRPSRQHQWUHVXOWLQJIURPWKHZHWGHSRVLWLRQRIDLU





'LIIHUHQW PRGHOV IRU WUDIILF HPLVVLRQ GLVSHUVLRQ DQG VWRUPZDWHU ZHUH SUHVHQWHG DQG FODVVLILHG 7KLV
FODVVLILFDWLRQZDVFRQGXFWHG WR IDFLOLWDWH WKH VHOHFWLRQRI WKHPRVWDSSURSULDWHPRGHOV WREHFRXSOHG LQ
RUGHU WR FRQVWUXFW DQ LQWHJUDWHG DQG HIILFLHQW PRGHOLQJ V\VWHP:H KDYH XQGHUOLQHG WKH VWUHQJWKV DQG
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5HIHUHQFHV








&KDQXW 6&KHYDOOLHU (  (VWLPDWLQJ WKH DWPRVSKHULF LPSDFWV RI WUDIILF PDQDJHPHQW SURMHFWV DSSOLFDWLRQ RI
WKHRUHWLFDOPRGHOVWRFRQFUHWHFDVHV5HFKHUFKH7UDQVSRUWV6pFXULWp




'DJDQ]R&) 8UEDQ JULGORFN0DFURVFRSLFPRGHOLQJ DQGPLWLJDWLRQDSSURDFKHV7UDQVSRUWDWLRQ5HVHDUFK SDUW%

'DQLHO (% -9 &DPS (- /H%RHXI -5 3HQURG -3 'REELQV DQG0DUN' $ENRZLW]  7KH2SHQ K\GURORJ\
-RXUQDO
'XKDQLDQ 1 < 5RXVWDQ %HORZFORXG ZHW VFDYHQJLQJ FRHIILFLHQWV IRU DWPRVSKHULF JDVHV DQG SDUWLFXODWHV $WPRV
(QYLURQLQSUHVV















1DPGHR$ *0LWFKHOO 5 'L[RQ  7(006 DQ LQWHJUDWHG SDFNDJH IRU PRGHOOLQJ DQG PDSSLQJ XUEDQ WUDIILF
HPLVVLRQVDQGDLUTXDOLW\(QYLURQPHQWDO0RGHOOLQJ	6RIWZDUH±
1RODQG 5% 4XGGXV0  )ORZ LPSURYHPHQW DQG YHKLFOH HPLVVLRQHIIHW RI WULS JHQHUDWLRQ DQG HPLVVLRQ FRQWURO
WHFKQRORJ\7UDQVSRUWDWLRQ5HVHDUFK3DUW'YRO33
2EURSWD & -6 .DUGRV  5HYLHZ RI XUEDQ VWRUPZDWHU TXDOLW\ PRGHOV 'HWHUPLQLVWLF VWRFKDVWLF DQG K\EULG
DSSURDFKHV-RXUQDORIWKH$PHULFDQ:DWHU5HVRXUFHV$VVRFLDWLRQ9RO1R










7KRPVRQ'-0DQQLQJ$- $ORQJZLQGGLVSHUVLRQ LQ OLJKWZLQGFRQGLWLRQV%RXQGDU\/D\HU0HWHRURORJ\
±
9LMD\DUDJKDYDQ. - +HUU 6< &KHQ ( .QLSSLQJ  /LQNDJH EHWZHHQ DQ DGYDQFHG DLU TXDOLW\ PRGHO DQG D
PHFKDQLVWLFZDWHUVKHGPRGHO*HRVFL0RGHO'HY'LVFXVV±
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=DOOLQJHU07DWH-+DXVEHUJHU6$QLQVWDQWDQHRXVHPLVVLRQPRGHOIRUWKHSDVVHQJHUFDUIOHHW3URFHHGLQJRI
WK,QWHUQDWLRQDO&RQIHUHQFH7UDQVSRUWDQG$LU3ROOXWLRQ*UD]
=HJH\H.%'H6FKXWWHU -+HOOHQGRRUQ($%UHXQHVV ,QWHJUDWHGPDFURVFRSLF WUDƥFÀRZDQGHPLVVLRQPRGHO
EDVHGRQ0(7$1(7DQG97PLFUR'HOIW8QLYHUVLW\RI7HFKQRORJ\7HFKQLFDOUHSRUW
=PLURX'6*DXYLQ,3LQ,0RPDV)6DKUDRXLHWDO7UDIILFUHODWHGDLUSROOXWLRQDQGLQFLGHQFHRIFKLOGKRRG
DVWKPDUHVXOWVRIWKH9HVWDFDVHFRQWUROVWXG\-(SLGHPLRORJ\&RPPXQLW\+HDOWK
=RSSRX&5HYLHZRIXUEDQVWRUPZDWHUPRGHOV(QYLURQPHQWDO0RGHOOLQJDQG6RIWZDUH
